Abstract-The coherent crosstalk of an add/drop filter with Bragg gratings written in a planar lightwave circuit Mach-Zehnder interferometer is investigated experimentally and theoretically. The filter is used to design an optical local area network without any optical amplifiers, based on the coherent crosstalk limitation.
insensitive Bragg gratings are important, because the Bragg wavelength shift due to birefringence degrades the extinction ratio of Bragg gratings and the coherent crosstalk for add/drop operation.
In this letter, we report an investigation of the coherent crosstalk of a PLC add/drop filter, that consisted of polarization-independent Bragg gratings written by 193-nm laser light, and discuss the filter's application to a LAN.
II. EXPERIMENTAL
Polarization-independent gratings, whose Bragg wavelength was 1527.7 nm, were formed by irradiating 193-nm laser light [7] , which produced identical 4-mm-long gratings on the branched waveguides of a MZI. The polarization dependence of the Bragg wavelength was below 0.05 nm. The polarizationdependent loss at the Bragg wavelength was 0.07 dB. The isolation of the Bragg gratings was 36 dB for any polarization state. The insertion loss of the fiber-pigtailed filter was 1.0 dB.
The experimental setup for measuring the bit-error-rate (BER) performance of the add/drop filter is shown in Fig. 1 . The Bragg wavelength of the filter (1527.7 nm) corresponded to channel 2 in the experiment. Eight channels of WDM signals from laser diodes with 200-GHz channel separation were modulated by a LiNbO modulator with a 2 1 NRZ pseudorandom bit sequence at a bit rate of 2.5 Gb/s. The signals were transmitted through a 30-km single-mode fiber, which was used for bit-decorrelation, and were divided by a coupler. The main signals were led to the input port of the add/drop filter through an isolator. The added signal was simultaneously led to the add port. The input power of the 1041-1135/99$10.00 © 1999 IEEE main and added signals were all 3 dBm at the connector of each fiber-pigtail of the filter. The signals from the output port, which included the main signals and the added signal, were detected by a receiver with a band pass filter through the isolator. The dropped signal was also measured with the receiver through the isolator. The BER performance was measured by optimizing the threshold of the receiver.
III. RESULTS AND DISCUSSION

A. BER Performance
In order to investigate the condition of the input power of the add/drop operation with the filter, we measured the BER of the dropped signal by reducing its input power while simultaneously injecting an add signal at a constant power of 3 dBm. The power penalty at BER of 10 is plotted against the input power of the dropped signal in Fig. 2 . The penalty was almost zero when the dropped signal input power was -3 dBm. When the input power was reduced, the penalty increased. BER of 10 was not achieved with input power of 27 dBm. In contrast, there was no penalty with input power of 23 dBm without an added signal. It is clear that the increase in penalty was due to the influence of the added signal. The degradation of BER in the filter was caused by coherent crosstalk as reported in [9] where the power penalty due to the coherent crosstalk is expressed as (1) assuming an optimizing-threshold-type receiver and random polarization. Here, is the power ratio between the filter's added and dropped signals, and is 6 for the error rate of 10 . The input power of added signal (0.5 mW) and main signal is given by (2) where the extinction ratio and the loss of the filter and the optical power are expressed on a linear scale. The calculated penalty is shown in Fig. 2 , using the parameters of the filter. The calculation agrees well with the experimental results. Finally, an input power of 19.6 dBm, which gives a penalty of 1 dB, was obtained as the minimum input power. Since the input power of the added signal was 3 dBm, the power ratio of the added and main signals was
Therefore, the input power ratio of the two signals was 33.2 dB for the add/drop operation. This input power tolerance results from the high isolation between added and dropped signals due to the polarization-independent Bragg gratings.
B. Network Design
The number of nodes and the span between neighboring nodes were designed based on the coherent crosstalk limitation. Fig. 3 shows the network model. An optical add/drop network was constructed from one center node, several remote nodes and transmission fibers. There are no optical amplifier elements such as erbium-doped fiber amplifiers in the transmission fibers, which results in a cost-effective network. The center node has signal sources, such as DFB lasers, receivers, and multiplexer/demultiplexers such as arrayed waveguide gratings. Each remote node has a Mach-Zehnder/Bragg grating PLC add/drop filter, a laser light source for the added signal, and a receiver for the dropped signal. The remote nodes can communicate with each other via the center node by using optical signals of different wavelengths, because a different wavelength is assigned to each remote node. For example, the signal wavelength of assigned to node 1 is converted into assigned to node 2 in the center node. For simplicity of the level diagram, the optical power of the signal light sources is 1 and 3 dBm in the center and remote nodes, respectively, when the losses of the multiplexer in the center node and that of the add/drop filter are 5 and 1 dB, respectively. This condition allows the signal levels provided to the transmission fiber from the center and remote nodes to be equal ( 4 dBm). The receiver is assumed to be an optimizing-threshold-type. In this model, the number of nodes is determined by the coherent crosstalk between added and dropped signals of the filter. The minimum power level can be detected with an avalanche photo diode as a receiver. 
Here, the extinction ratio of the filter , the filter loss , and the fiber loss , is expressed on a log scale. The equation assumes, as a worst case, that the added and dropped signals in the remote node have the same polarization state in order to guarantee the network design against any polarization condition. Under the worst polarization condition, the input power ratio of the two signals is 27.2 dB. This means that the difference between the power of the added signal in the center node and the received power of 13.6 dB is allocated to the transmission fiber loss of 0.275 dB/km and remote node loss (filter loss) of 1 dB. As shown in Fig. 4 , an optical signal is transported in the optical add/drop network consisting of three remote nodes with a span of 10 km, or nine remote nodes with a span of 1 km, using the Mach-Zehnder/Bragg grating PLC add/drop filter in each remote nodes. Furthermore, the number of nodes can be increased by improving the grating extinction ratio and the insertion loss of the filter, as shown in Fig. 4 . An optical add/drop network having eight remote nodes with a 10-km span, or thirty-four remote nodes with a 1-km span can be constructed when the extinction ratio and the loss are improved to 50 and 0.5 dB, respectively. The extinction ratio can also be improved by writing slightly longer gratings than those used in the present experiment.
IV. CONCLUSION
We have designed an optical add/drop LAN using Mach-Zehnder/Bragg grating PLC add/drop filters without any optical amplifiers on the basis of coherent crosstalk limitation. The PLC add/drop filter can be used for the backbone of a WDM LAN.
